Heat transfer coefficient of the solar air heater duct (SAH) is low due increasing the thermal performance of its absorber. The present study tends to enhance the thermal characteristics of the SAH by adopting the wired ribs on the absorber under different ribs dimensions and arrangements. A rectangular duct is used to form the SAH with length L=1500mm, width w=100mm and height H=30mm. The used heat fluxes over the absorber are 1000W/m2 and 500W/m2 while the operated Reynolds number range is 708 6 375. The utilized wired ribs are arranged over the absorber so as to develop a relative roughness height value (e/D = 0.043) in which generates a relative roughness pitch values of (P/e = 5, 10, 15). Moreover, another arrangement for the wired ribs develops a relative roughness height value (e/D = 0.086) that correspond the relative roughness pitch values of (P/e = 10, 20, 30). The results show an improvement in the average values of the Nusselt number with 9.34 % when e/D = 0.043 and heat flux of 500W/m 2 against the smooth absorber. It is also found that the average values of Nusselt number is improved with 5.31% when e/D=0.043 and heat flux = 1000W/m2.
Introduction
Solar energy is the most promised power source in the future to get on the heat energy instead of the use of common methods such as fuel burning and electric heaters. Therefore, the solar air heater (SAH) has considered as a recommended method for the heating purpose in the buildings by means of converting the solar energy into heat.
As a result of being that the solar energy is free cost against other types of the energy sources like oil and coal. Therefore, the enhancement of the SAH is required to enhance the air heating inside the buildings. The SAH includes a specified area in which is used to receive the solar energy where this area is known as the absorber. Moreover there are a set of roughened ribs in which are arranged on that absorber with different geometries and dimensions to improve the SAH performance.
The present work have the tendency to discuss the effect of using the wired ribs as turbulence generators on the absorber in which are considered to change the thermal characteristics of the SAH. Moreover, it tends to enlarge the study field by investigating the thermal performance under laminar and turbulent flow regions so that Reynolds number range is selected between (708e6375).
A good heat transfer rate was calculated throughout the usage of chamfered ribs over the absorber for a numerical investigation where the chamfered angle was 20 [1] . A Peak value of Nusselt number was matched at relative roughness pitch (P/e) ¼ 6 and 12 throughout the usage of V down gaps ribs over the absorber. The enhancement of the studied work was as 3.34 times more than the smooth absorber utilization [2] .
The utilized duct for [1, 2] were in rectangular form where it was found that the semi-circular SAH was more efficient than the usage of triangular SAH when v ribs were used over the absorber [3] . The present study presents the effect of ribs addition on the SAH so an augmentation in the Nu was achieved throughout primes tic ribs on the absorber, however, this increase was conducted due to the increase air turbulences [4] . The adoption of the rectangular ribs which were inclined with 60 over the absorber of SAH tended to enhance heat transfer rate more than the usage of the smooth absorber [5] . The utilization of the wired ribs over the absorber with S shape arrangement was conducted an increase in the Nu under relative roughness pitch of 0.043 [6] . By adding to the previous it was found that the usage of the broken arc ribs over the absorber was led to increase in Nu by 13.8% [7] . The increase with 3.6 times in Nu was achieved due to use of v-ribs as tabulators over absorber of SAH where the comparisons was conducted with smooth absorber [8] .
A clear enhancement in the Nusselt number was observed when the SAH was provided with symmetric gap and staggered gap of V-ribs. Furthermore, it was noticed that the symmetric gap and the staggered gap improved the Nusselt number with 2.3 and 2.03 respectively as a comparison to the smooth SAH [9] . The same type of the ribs were used to give a maximum enhancement in the Nusselt number at P/ . With By considering that the roughened ribs are the prime mover to enhance the thermal characteristics of the SAH. So that, the utilization of the multiple broken ribs in the SAH tended to make an augmentation in the heat transfer with 3.24 times than the smooth one. Moreover, the use of the square wave ribs made the enhancement in the heat transfer as 2.5 times than smooth SAH [11] . The summarizing of the wide studies in which were interested with the SAH performance had investigated by the review articles. It was found that the ribs adoption over the absorber surface has the tendency to enhance the thermal performance of the SAH due to breaking the laminar sublayers. The best performance was conducted when the relative roughness pitch value was 10 and the relative roughness height was 0.043 where it was noticed that the effect of the friction factor was small [12] .
Experimental setup
An aluminum duct is designed with the dimensions of 30 mm, 100 mm and 1500 mm as height, width and length respectively. A specified area at the bottom of the duct with length of 200 mm and width of 100 mm is selected to form the absorber where this absorber acts on receiving the subjected heat fluxes throughout the testing. The heat fluxes are generated due to the utilization of an electric heater which was adopted overall the area of the absorber. The used electric heater is manufactured to provide the required amount of heat energy only without any electric shock hazards.
The variable transformer is connected the electric heater (as shown in Fig. 1 ) in order to change the input electric energy where this one tends to control the generated heat energy by the electric heater. Consequently, the subjected heat flux by the electric heater is modified.
K-type thermocouples are used to measure the temperature distribution overall the absorber area where these thermocouples have high response and high operation range of temperatures. It is also that the thermocouples distribution on the absorber of the SAH can be denoted in Fig. 3 .
A digital thermocouple temperature indicator is used to read the k-type thermocouples. Each thermocouple temperature indicator is designed to receive four thermocouples at the same time consequently, this methodology is tended to use three devices of thermocouple temperature indicators. Table 1 explains the specifications of the used thermocouple temperature indicators.
A centrifugal blower is used to form a vacuum pressure inside the SAH where high quantity of ambient air is forced inside the duct due to the pressure difference between the duct and the ambient. The entered quantities of air is regulated by depending on speed of the blower motor where a dimmer switch is used to regulate the input voltage to the blower motor. The centrifugal blower specifications are explained in Table 2 . Air flow quantity is measured by usage of a digital anemometer where this meter is made by Hold peak manufacturer and its specifications are listed in Table 3 . (See Table 4 ).
AVR is connected between variable transformer and electric source (as shown in Fig. 1 ) in order to stabilize the source voltage and then prevent any fluctuation in amplitude value of the voltage.
Power meter is arranged between electric heater and variable transformer (as shown in Fig. 1 ) to measure the forwarded electric power and consequently measuring the supplied heat energy to the absorber. All the previous instruments are systemized by adding to the SAH in order to perform the required experiments as shown in Fig. 4 .
The experimental procedure includes three stages where 1st stage discusses the SAH without ribs additive over the absorber in order to form a smooth absorber. The 2nd stage includes the addition of the wired ribs with diameter of 1 mm over the absorber, while the 3rd stage aims to replace the previous wired ribs diameter by 2 mm wired ribs. The 2nd and 3rd stages include the making of separated distances among each two ribs with 10 mm, 20 mm and 30 mm as shown in Fig. 2 . Each experimental stage discusses the Nu performance heat fluxes of 500w/m 2 and 1000w/m 2 and the Reynolds number range of 708e6375. Table 4 shows all the used operated parameters such as Reynolds number values, ribs number in which are used in the present study.
Methodology
The results are observed by using forced heat transfer equations [2] which are listed below, so heat transfer coefficient (h) is calculated by depending on Eq. (1). The heat transfer coefficient is a function to the applied heat flux (q) and the difference between the environment and surface temperatures. The average values of measured temperatures over the absorber is denoted by the surface temperature (Ts) as explained in Eq. (2) . Moreover, the average temperature between environment air temperature and the surface temperature is form the film temperature (T f ) as it is shown in Eq. (3).
Nu is considered as a comparative factor for predicting the increase or decrease in the heat transfer rate through the present study where Nu is matched by depending on Eq. (4). Adding of the wired ribs over the absorber tends to develop two parameters (P/e and e/ D) where they are computed be depending on Eqs. 5 And 6 [11] .
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Results and discussion

Nu and Re
Figs. 6 and 7 refers to the increase in Nu by increasing Re for different P/e and e/D. This is because of the reduction in the thermal sub layers over the absorber where this reduction is because of the air flow increasing that tends to increase the turbulences. Consequently, the reduction in thermal sub layers tends to reduce the thermal resistance over the absorber and increase the heat transfer by convection between absorber and the air. It is important to know that the increase in the relative roughness pitch from 0.043 to 0.086 are considered in order to increase the tendency of turbulences occurrence to eliminate the thermal sublayers. This increase acts on extending the ribs beyond the laminar sub-layer the order that causes a disturbance for the flow.
It is observed that the increase in Nu is associated with the increase of P/e values for both Figs. 6 and 7 [10] . The great values of P/e mean a reducing in the number of the wired ribs over the absorber and this lead to increase the area between each two ribs. The increase of that area tends to enhance the heat transfer by convection due to increasing the convection area which is always being in touch with the air. Consequently, Nu values are noticed highly by increasing the values of P/e.
It is important to notice that although of being the area of absorber is more in smooth absorber (absorber without ribs) but the turbulence intensity of flow may be low because of the wired ribs missing. However, the absorber without wired ribs depends on the increase in Re to activate the turbulences of air.
It is noticed that the mean values of Nu when e/ D ¼ 0.043 is more greatly as compared to that mean values of Nu at e/D ¼ 0.086. This performance gives an indication that the usage of SAH gives best thermal performance at e/D ¼ 0.043 more than e/D ¼ 0.086. It is also gives an indication that the height of ribs does not play an effective role to enhance the thermal performance of the SAH.
Figs. 8 and 9 present the same as trend behavior between Nu and Re where the increase of the values of Nu are joint with the increase of the Re values. Fig. 8 shows highly values for the Nu at P/e ¼ 10 while the lower values of Nu are noticed for P/e ¼ 30, 20. This is because of the higher thermal resistance which is generated due to the high heat flux (1000 W/m 2 ) that is subjected to the absorber.
The lower values of the P/e mean a lot of the wired ribs which are arranged over the absorber where this one leads to increase the turbulences of air. The increase in P/e values mean a reduction in the number of ribs and this make a reduction in the turbulences Fig. 3 . Thermocouple positions on the absorber of SAH. Table 1 Thermocouple thermometer specifications.
No Item 1
Temperature range ¼ À200 C~1372 C 2 Accuracy ¼ ±0.1 C < 100 C 3
Resolution ¼ 1 C < 1000 C 4
Weight ¼ 230 gm 5
Input thermocouples ¼ K-type 6
Thermocouples number ¼ 4 channel 7
Power source ¼ 9v battery Table 3 Anemometer specifications.
No Item
Operation range ¼ 0e30 m/s 3 Air temperature range ¼ À10 ~4 5 C 4 Accuracy ¼ ±5% 5
Weight ¼ 320 gm 6 Power source ¼ 9v battery Power ¼ 1200 w effectivity of the flowing air. Therefore, Fig. 9 has highly values of Nu at P/e ¼ 10 because of the effectiveness of air turbulences which tend to eliminate the thermal sublayers over the absorber. It is also noticed that the lower values of Nu are matched when the values of P/e ¼ 30, 20 where this is due to the thermal sublayer poor elimination at these cases. This behavior does not show in Fig. 9 so the greatly values of the Nu are joint with increasing the values of P/e. This is because of increasing the value of e/D (e/ D ¼ 0.086) which refers to the increase in the value of the wired rib height so this one enhance the air turbulences as much as possible.
Conclusions
In the present study, the SAH has been tested under the utilization of the wired ribs over the absorber. The used rib diameters are 1 mm and 2 mm so this one leads to make the values of relative roughness pitch P/e and relative roughness height e/D are (5, 10, 15, 20, 30) and (0.043, 0.086) respectively. The experimental procedure includes the testing of SAH under a wide range of the Re in order to cover Laminar and turbulent flow regions. The used air has been accelerated with different velocities to get on the required range of the Re (708e6375). The harvested results have been processed by depending on the heat transfer relations in order to estimate the performance of the tested SAH and they are: These percentage values indicated that the value of e/D which equal to 0.043 provides good performance for the SAH when the heat flux is 500 W/m 2 . Moreover, the used value of e/D ¼ 0.086 is more suitable for the SAH when the heat flux is 1000 W/m 2 .
Appendix. Uncertainty Analysis
Any experimental work is affected with the accuracy of the measurement devices and the response time of extracting the results. Therefore, multi computation procedures should be followed to check the generated errors during tests. Kline and McClintock method has been used to predict that values of uncertainty [13] . This method depends on the governed equation of such discussed parameter, where the equation of Nusselt number depends on heat transfer coefficient, thermal conductivity of air and the hydraulic diameter of the duct. So that, the error deviation of each parameter in the Nusselt number equation should be known then it should be processed by Eq. (A.1) as shown below to get on the uncertainty of the Nusselt number factor.
If the governed equation of such parameter (U) is U ¼ R.S then: The main discussed parameters in the present study are Nusselt number, Reynolds number and the measured dimensions such as hydraulic diameter and the area of the absorber. 
